ABSTRACT
INTRODUCTION

58
One of the most common complaints of patients suffering from chronic pain is suggest that one group can be thought of as metaboreceptors or ergoreceptors that 87 respond to innocuous levels of metabolites present in muscle following moderate 88 exercise (low lactic acid, ATP, pH7.0). These afferents are thought to contribute to the 89 activation of the exercise pressor reflex or possibly the sensation of fatigue (e.g.
90
Kaufman and Hayes, 2002; Light et al. 2008) . A second population of afferents however 91 are thought to be responsive to higher levels of lactate and ATP (pH 6.6), which has 92 been shown to be present in muscle during ischemic contractions ((Bangsbo et al. 93 1993), (Bangsbo et al. 1996) ; (Hellsten et al. 1998 spinal cord and the right forelimb was excised and placed in a bath of the same aCSF.
103
MATERIALS AND METHODS
117
The spinal cord was hemisected and the median and ulnar nerves, along with the 118 forelimb muscle it innervates (with bone left intact) was dissected in continuity with its 119 DRGs (C7, C8 and T1). The cutaneous branches were cut as they branch from the 120 ulnar and median nerves well proximal to the muscles to be examined in these studies.
121
Following dissection, the preparation was transferred to a separate recording chamber 122 containing chilled oxygenated aCSF. The forepaw was pinned on an elevated platform,
123
keeping the entire paw perfused in an isolated chamber from DRGs and spinal cord.
124
The platform served to provide stability during applied thermal and mechanical stimuli.
125
The bath was then slowly warmed to 31°C before recording. were selected based on the previous findings of Light et al., (2008) . In this earlier study, Fisher's Exact analysis. P-values were set at p < 0.05. 
RESULTS
201
We have developed a novel mouse forepaw muscle, median and ulnar nerves, DRG, III and IV muscle afferents responded to mechanical (34%) and thermal stimuli (32%)
223
(cold 13%; heat 19%). However, there were significantly more fibers that responded 224 when we exposed the muscles to the metabolite mixtures (52%; Fig. 2b the "high" metabolite mixture was not different than the response to the "low" mixture.
234
Finally, some of the group IV fibers (n=12) activated by electrical (concentric electrode) 235 stimulation of the muscle did not respond to any of the five stimuli (18% of all fibers).
237
Within the different CV categories, group III fibers (n = 10) were most frequently 238 responsive to mechanical stimuli (70%); although this was not statistically different than 239 the percentage responding to thermal (30%; cold (20%); heat (10%)), or chemical 240 (metabolites; 40%) stimuli (Fig. 3) . Of the 44 group IV fibers responding to natural 241 stimuli we found that there were significantly more chemosensitive afferents (54%) than 242 those responding to thermal (33%; cold (12%); heat (21%)), or mechanical stimuli (27%; However, a small number of fibers responded to more than one stimulus modality 264 suggesting the possibility of multiple subtypes of group III and IV muscle afferents in 265 mouse. Since we have applied five different stimuli to these fibers, the number of fibers 266 in each subtype (responding to more than one stimulus parameter) is quite low. Given 267 the small numbers, we will combine group III and IV together. We found that 18 cells (3 268 group III and 15 group IV) responded to two or more stimulus modalities (polymodal). (Figs. 4, 5) . In contrast, none of the intracellularly stained cells that responded 289 to the low metabolite mixture (metaboreceptors) were positive for these markers (Fig.   290   6 ). Non-metabolite sensitive cells such as those that were mechanically and cold 291 sensitive were found to contain ASIC3 in addition to cells that were metabolite sensitive muscle sensory neurons were not found to contain TRPV1 or ASIC3.
296
However, the one silent fiber recovered was found to be immunopositive for TRPV1.
297
One metabolite nociceptor was also found to be immunoreactive for calcitonin gene-298 related peptide (CGRP) and one mechanically and metabolite insensitive cell that 299 responded to cold stimuli stained positively for TRPV2 .
301
The central projections of 12 characterized muscle afferent fibers were analyzed in 302 these studies. Of these, 2 were group III muscle afferents and 10 were group IV 303 afferents. The group III fibers had wide ranging projections extending over 1-2 304 segments rostral and caudal to the level of entry into the spinal cord. They both had 305 extensive projections in laminae I and parts of IIo (Fig. 4) but they also had additional 306 less pronounced projections into lamina IV-V (not shown). One of these group III muscle 307 afferent fibers responded only to cold stimuli while the other only responded to high 308 metabolite concentrations (Fig. 4) . Of the 10 Group IV muscle afferents, 6 responded to 309 high concentration of metabolites, while 3 responded only to the low concentration of 310 metabolites. One of the fibers did not respond to any of the stimuli. We found that all of 311 the group IV fibers projected almost exclusively in lamina I and II of the spinal cord 312 (Figs. 5,6 ). Interestingly, both high (Fig. 5) and low (Fig. 6 ) metabolite responders had 
319
Finally there were no obvious differences between in the central projections of those 320 fibers characterized as metaboreceptors and those determined to be nociceptors. 
2008)
). In addition, we found that muscle afferents that were characterized as 378 metaboreceptive, were neurochemically distinct from those characterized as nociceptive 379 since the nociceptors often stained positively for TRPV1 and/or ASIC3, while 380 metaboreceptors did not contain these markers. Given the lack of TRPV1 and ASIC3 381 content in these fibers, metabolite sensitivity may be provided by the presence of 382 purinergic receptors such as P2X3 or P2Y1.
384
Finally, it is also possible that our findings differed from those of previous studies due to 385 differences between the muscles examined. Here we are examining fibers innervating 386 small forepaw muscle while several earlier studies primarily examined fibers innervating 
391
Using our newly developed ex vivo recording preparation, we were also able to 393 characterize the responses of these muscle afferents to multiple stimulus modalities.
394
Although we found that the majority of these muscle afferents responded to a single 395 stimulus modality, several fibers exhibited the ability to respond to more than one 396 modality. Given the number of stimuli (5) used in this study it is difficult to establish the 397 relative numbers of these different functionally defined subsets of polymodal fibers. One 398 interesting finding was that most thermally sensitive fibers were also chemosensory.
399
Although the role of thermal stimuli or thermally transducing channels in mediating 
